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Description 

METHOD FOR THE CONTROL OF AN ELECTRIC MACHINE 
AND/OR DEVICE FOR THE CONTROL THEREOF 

[0001] The invention relates to a method for controlling an electrical 
machine, and to an apparatus for controlling it. A control unit is used in a method 
for controlling an electrical machine. The control unit is advantageously 
configurable. The control unit has, for example, a current regulator, a speed 
regulator or a further additional regulator. At least one of these regulators can be 
configured by means of at least one parameter. Regulators, for example, have 
different control elements. Control elements are, for example, P elements 
(amplification elements), D elements (differential elements), I elements (integrated 
elements) etc. Control elements such as these have parameters such as gain 
factors P or else differential time constants To, or else integrating time 
constants Tj. Timers, gain factors and/or time constants such as these are 
examples of parameters. 

[0002] The electrical machine is intended, for example, for the movement of 
a machine part. The machine part is, for example, a part of a machine tool, of a 
production machine or of an automatic handling machine. The machine part may, 
however, also be a part of the electrical machine itself, for example a rotor of a 
rotating electrical machine or else a primary part or a secondary part of a linear 
motor. In the case of a linear motor, either the primary part or else the secondary 
part can be moved linearly. The secondary part, which has pemnanent magnets, is 
generally stationary, and the primary part, which has at least one winding through 
which a current can be passed, can be moved lineariy. 

[0003] The electrical machine is thus either a rotating electrical machine or 
a linear motor. In the case of a rotating electrical machine, the moving machine 



1 



wo 2005/027322 



PCT/EP2004/010343 



part is, for example, driven directly by the electrical machine, or else via a gearbox 
or via a means for power transmission, such as a toothed belt or the like. 

[0004] The constraints for movement (linear or rotational) of the electrical 
machine may vary depending on the position of the machine part which can be 
moved. One constraint is, for example, a coefficient of friction, which is dependent 
on the position of the machine part. In the case of a linear motor, or else in the 
case of a rotated electrical synchronous machine with pemianent-magnet 
excitation, for example, it is also possible for the pennanent magnets on the 
secondary part of the linear motor or on the rotor to have different magnetization. 
The magnetization is thus an example of a further constraint. The resultant 
electromagnetic force EMK differs, depending on the magnetization. In the case of 
a linear motor, for example, the electromagnetic force EMF also differs because 
the primary part moves over a section of the secondary part which is free of any 
cover protecting this secondary part. 

[0005] According to the prior art, the parameters for controlling a control unit 
for the electrical machine must be set in such a way that, on average, they 
produce an optimum control setting for all positions of the electrical machine. This 
means that the electrical machine is configured optimally with respect to the 
control system in no position, or only in a small number of positions, of a moving 
machine part. 

[0006] One object of the present invention is to allow improved configuration 
of the control system for an electrical machine. 

[0007] The object is achieved by means of a method having the features as 
claimed in claim 1 and by means of an apparatus having the features as claimed 
in claim 7. The dependent claims 2 to 6 and 8 are advantageous inventive 
developments of the invention. 
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[0008] In the case of a method for controlling an electrical machine, with a 
control unit having a configurable speed regulator and/or a configurable additional 
regulator and the electrical machine being provided in order to vary a position of a 
movable machine part, with the position of the movable part being detected, one 
parameter of the speed regulator and/or at least one parameter of the additional 
regulator is varied as a function of the position of the movable machine part. 

[0009] The movable machine part is, for example, a part of a machine tool 
(for example a milling head) or of a production machine (for example a worm feed 
of a plastic injection-molding machine which is a production machine), or of an 
automatic handling machine (for example gripping tongs). Alternatively, for 
example, the movable machine part is a rotor of a rotating electrical motor, or a 
primary part of a linear motor, 

[0010] Because of the requirements for a drive process, that is to say the 
drive for a machine part by means of which its position can be varied, it is 
advantageous to operate the speed regulator for the electrical machine or some 
other regulator for the electrical machine with varying parameters matched to a 
movement position. At least one parameter of a regulator is thus dependent on the 
position. In the case of a rotating motor, the speed regulator is the rotation speed 
regulator. The advantageous change as described above of at least one 
parameter is also advantageous in the case of a position control loop. The position 
control loop is used to control the position of a movable machine part. The 
variation of at least one parameter as a function of the position of the movable 
machine part makes it possible to avoid having to select an averaged parameter 
set as a joint compromise between all the requirements of a system to be 
controlled. 

[0011] By way of example, a movement measurement system measures 
the movement position of the movable machine part. The measured movement 



3 



wo 2005/027322 



PCT/EP2004/010343 



position is used to readjust at least one control parameter. The control parameter 
is preferably an optimum value for a specific physical position of a movement. 
There is therefore no need to satisfy the various requirements for a regulator or its 
control response over the entire movement distance with a single parameter set. 
The movement distance is, for example, the distance which the primary part of the 
linear motor travels over with respect to the secondary part of the linear motor. A 
further example of the movement distance is the 360'' of one revolution of a rotor 
of a rotating electric motor which is also a rotating electrical machine. 

[0012] In one advantageous refinement, the additional regulator is at least 
one of the regulator types listed in the following text: a position regulator, a traction 
regulator, a torque regulator and/or a pilot control. The pilot control is in this case a 
control loop which may be designed to be either in a closed or open form. 

[0013] In a further advantageous refinement, the electrical machine is in the 
form of a linear motor. The linear motor has a primary part and a secondary part, 
with either the primary part or the secondary part being a movable part of the 
linear motor. At least one parameter of the speed regulator and/or at least one 
parameter of the additional regulator are/is varied as a function of the position of 
the movable part. For example, if the linear motor has a secondary part with a 
cover and if this cover is not passed over the entire surface of the secondary part, 
then the electromagnetic force EMF varies as a function of whether the secondary 
part does or does not have a cover at the position of the primary part. The 
variation in the electromagnetic force EMF is position-dependent, so that at least 
one parameter for speed control or for additional control of the linear motor can be 
set as a function of whether the primary part is located in an area in which the 
secondary part has a cover, or else has no cover at that point. One example of the 
parameter is the parameter for the electromagnetic force EMF. 
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[0014] In a further advantageous refinement, a function or a table is used to 
vary the parameter for a control system. The function is a function of position. The 
position relates, for example, to a position of the primary part of a linear motor, or 
to the position of a rotor of a rotating electrical machine, or else to the position of a 
machine part of a machine, in which case, by way of example, the machine is a 
production machine, a machine tool or an automatic handling machine. The 
position of the machine part Is Important, for example, because the machine part Is 
subject to the different coefficients of friction as a function of the position, so that, 
for example, a gain parameter in the control system can compensate for higher 
friction in certain areas of a movement path. If the variation of one or more 
parameters in the control system (for example speed regulator and/or additional 
regulator) is carried out by means of a table, then an association between a 
position and an associated parameter is produced in the table. 

[0015] The use of a function or of a sufficiently detailed table also makes it 
possible to avoid a jerking response which can result from switching of one 
parameter. The use of the function and/or of the table makes it possible to achieve 
unifonn changes in a parameter. This is used to avoid sudden changes in an 
output signal from a regulator. 

[0016] In one advantageous refinement of the invention, a reference run is 
earned out for the electrical machine In order to determine the position-dependent 
parameters. The machine response can be recorded by means of the reference 
run, which can be carried out in a reference time. By way of example, the 
magnetic field caused by the permanent magnets is measured during the 
reference mn. A table and/or a function in which infomiation is stored relating to 
the position of the movable machine part at which a specific parameter value can 
be set for a control system is generated during and/or after the reference run as a 
function of the strength of the magnetic field measured during the reference run. 
The necessary parameter values are calculated in advance for this purpose. 
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[0017] In a further advantageous refinement, the parameter is thus a 
physical parameter which, In particular, is a magnetic field parameter and is 
dependent on the position of the machine part. The physical parameter is 
measured as a function of the position of the machine part. The parameter or 
parameters of one or more regulators is or are obtained as a function of the 
position of the machine part. This is achieved, for example as already described 
above, by means of a function of a table. The dependency in this case relates to 
the dependency of the physical parameter, so that one or more parameters of one 
or more regulators is or are varied as a function of the values of the physical 
parameters. As already described, a physical parameter is a parameter which 
relates, for example, to the magnetic field which is produced by means of 
permanent magnets. The permanent magnets are not always magnetized with a 
unifonn strength so that this would result in a machine response without any 
variation in the regulator parameters, which is disadvantageous for many 
applications because the electrical machine also reacts differently, for example to 
the same current levels and frequencies, as a function of the position. However, 
different ElVIF also results, for example, from a secondary part of a linear motor 
having a cover over a certain movement section and having no cover over another 
movement section which is used, for example, for servicing purposes or for tool 
changing in the case of a machine tool. The cover is advantageously magnetic, so 
that it automatically adheres to the secondary part. 

[0018] The invention relates not only to a method but also to an apparatus 
for controlling an electrical machine. The control system has a configurable speed 
regulator and/or configurable additional regulator. The additional regulator is, for 
example, a position regulator, a traction regulator or a torque regulator. The 
additional regulator can also be understood to be a pilot control. The electrical 
machine is intended to vary the position of a movable machine part. A movable 
machine part is, for example, a part of the electrical machine such as the primary 
part of a linear motor or the rotor of a rotating synchronous machine with 
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permanent-magnet excitation. A further example of a machine part is a tool of a 
machine tool which, for example, can be driven by the electrical machine, by 
means of a gearbox. The position of the machine part can be detected by means 
of a position sensor. At least one parameter of the speed regulator and/or at least 
one parameter of the additional regulator can be varied as a function of the 
position of the movable machine part. This results in the advantages already 
described above. This apparatus for control purposes can also be used to carry 
out the method as described above for controlling an electrical machine. 

[0019] The apparatus for controlling the electrical machine is, for example, 
an NC controller, a CNC controller, a PLC controller, a personal computer (PC) or 
the like. In the case of a drive which has an electrical machine and a converter, the 
control is, for example, also Integrated in the open-loop or closed-loop control of 
the converter. 

[0020] Exemplary embodiments of the invention will be explained with 
reference to the attached drawings, in which: 

[0021] FIG. 1 shows a schematic illustration of a linear motor with a 
control unit for canrying out the method according to the invention, and 

[0022] FIG. 2 shows one example of rotation speed control, which is 
combined with position control as an additional regulator. 

[0023] The illustration in Figure 1 shows a control unit 1. By way of 
example, the control unit 1 can be integrated in the production machine, in a 
machine tool or in an automatic handling machine. These machines or automatic 
devices are not illustrated in Figure 1. A converter circuit 3 can be driven by 
means of the control unit 1 . The converter circuit 3 is provided to pass current 
through a linear motor 5, as an example of an electrical machine. The linear 
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motor 5 has, as is known, a primary part 7 and a secondary part 8. The primary 
part 7 can be moved in the movement directions 23 and 24. A linear scale 1 1 and 
a position sensor 13 are also illustrated, schematically. A sensor 15 for 
measurement of the magnetic field of the secondary part 8, which has permanent 
magnets 9, is provided on or in a power transmission interface of the linear motor, 
that is to say in the area of an airgap between the primary part 7 and the 
secondary part 8. The secondary part 8 also has a cover 10, but this does not 
extend over the entire area of the secondary part 8. Further sensors such as a 
sensor for recording the speed, as are normal in the case of electrical machines 
and linear motors, are not illustrated in Figure 1 , for the sake of clarity. However, 
the speed detection may, for example, also be derived directly from the waveform 
of the magnetic field at the location of the sensor 1 5. This has the advantage that, 
If a sensor such as this is already provided on an electrical machine or in a primary 
motor, this sensor can also be used as a position sensor. The position sensor 13 
and the sensor 15 are connected to the control unit 1 via a data cable 17. The 
control unit 1, which is also intended in particular to provide speed control, position 
control and/or current control, forms a parameter for at least one of the 
abovementioned controllers, at least from the values of the sensor 15. By way of 
example, a current signal is also required for controlling the linear motor 5. The 
cun^ent signal is produced by a current transformer 19. The current transformer 19 
is used to measure the current which is applied to the primary part 7 via a current 
line 14 through the converter circuit 3. 

[0024] The control unit 1 has a memory 21 . This memory 21 is used to store 
parameters which relate in particular to the electromagnetic force EMF. The 
primary part is moved in at least one of the two movement directions 23, 24 during 
a reference run of the linear motor. During the reference run, the sensor 15 
records measurement data. The measurement data is processed to fomri at least 
one parameter. The parameter is stored and is used to control the electrical 
machine, that is to say the linear motor. 
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[0025] The illustration in Figure 2 shows a control scheme for a winder 44. 
A material strip 40 can be wound on the winder 44. The winder 44 can be driven 
by means of an electrical machine 6. The rotary movement of the electrical 
machine 6 is detected by means of a position sensor 13. The control system for 
the electrical machine 6 has a rotation speed regulator 26 and a Cun-ent 
regulator 27. The current regulator 27 supplies a cun^ent signal to a converter 
circuit 3. The converter circuit 3 is a power section for operation of the electrical 
machine 6. The control scheme as shown in Figure 2 also has a position 
regulator 28. The input signal to the position regulator 28 is the difference between 
an actual position value 41 and a set position value 42. Both the position 
regulator 28 and the rotation speed regulator 26 have parameters. A parameter 33 
relating to a function 35 can be supplied to the position regulator 28. A parameter 
value is plotted against a position in the function 35. The parameter 33 can 
therefore be selected by supplying a position signal 29. In the rotation speed 
regulator 26, the parameter 31 is selected by means of a table 37. A stored 
parameter value 31 can be selected from the table 37 for a known position 
signal 29, with the selected parameter value being made available to the rotation 
speed regulator. Both the signal from the position sensor and the output signal 
from the position regulator 28 are therefore used as input signals to the rotation 
speed regulator. 
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